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(T) (57) Abstract: An intraluminal stent comprising a helical arrangement of elements defined by 
O straight struts connected by apex sections alternately pointing in the opposite directions, wherein at least 
^Sj two struts attached thereto with a length ratio about 1:2. 

§ 

O 



series of substantially 
ipex section comprises 



WO 200 70 12 P T 2 /0 4482 

S YST EMS, APPARATU S ME™ODS RENTED TO 

HELICAL, NON-HELICAL OR REMOVABLE STENTS WITH RECTILINEAR 
ENDS _ . v», a 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims priority from United States provisional patent 
application No. 60/613,677, filed September 27, 2004, and from United States 
provisional patent application No. 60/634,683, filed December 8, 2004, which are 
incorporated herein by reference in their entirety and for all their teachings and 
10 disclosures. 

BACKGROUND 

[0002] Generally speaking, a stent is an expandable tube, usually made of wire mesh, 
that is inserted into a hollow structure of the body such as a blood vessel to keep it open. 
15 Thus, one of the typical ways of treating disease such as clogging of the arteries 
(atherosclerosis), stenoses, strictures, thrombosis, or aneurysms is to place a stent into the 
affected vessel. Among other advantages, stents reduce the chance the vessel(s) will 
collapse, increase cross sectional area (and thereby increase the amount of blood that can 
flow), and reinforce the vessel walls. Many stents have been developed, and the prior art 

0 

2 includes a wide variety of types and methods for their manufacture. 

[0003] Typically, the structural form for stents, stent grafts, heart valve frames and the 
like is a circumferential architecture, where hoops are arranged sequentially along a 
longitudinal axis. This provides a discrete series of supporting hoops for the vessel 
receiving the stent. An exemplary stent is depicted in US patent 6,342,067. In another 

2 

5 example, a helical stent has helical windings connected by bridges where the bridges are 
not in a circumferential plane, which can provide improved flexibility and kink 
resistance. Traditional helical stents typically comprise strut ratios of about 1:1 to about 
1:1.1 and have either non-squared ends or a "transition zone," for example between the 
helical portion of the stent and a hoop- shaped end of the stent, which can make it difficult 
30 to achieve uniform performance properties over the length of the stent. Exemplary 
helical stents are depicted in WO 01/89421 A2, US 6,042,597, USPA 20040143318, 
USPA 20040054398, WO0234163(A2), USPA 20040106983, USPA 20040093076, and 
USPA 20040044401 (these and all other references herein are incorporated herein by 

1 
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reference in their entirety and for all their teachings and disclosures, regardless of where 
the references may appear in this application). 

[0004] Thus, there has gone unmet a need for improved stents having improved 
combinations and/or consistency of characteristics along the full length of the stent, 
5 and/or to resist kinking. The present devices, systems and methods provide one or more 
of these or other advantages. 

SUMMARY 

0 [0005] In one aspect, the present discussion is directed to helical stents with excellent 
1 performance properties including at least one of flexibility, vessel conformity, adaptation, 
blood flow dynamics, durability, substantially uniform vessel scaffolding with kink 
resistance, and large open holes if desired. The stents can be partially or fully retracted 
back into the delivery catheter during deployment or otherwise as desired for precise 
positioning. The stents can be compressed to catheter dimensions prior to introduction to 

1 achieve a low delivery profile and can self-expand to its fully intended diameter within 
the lumen of the target vessel. 

[0006] In one embodiment, the stent comprises a plurality of nesting helical or non- 
helical windings (which may be generated by one or more individual elements). In the 

2 case of the helical windings, the windings are generally aligned with the longitudinal 
0 

axis. (Unless expressly stated otherwise or clear from the context, all embodiments, 
aspects, features, etc., can be mixed and matched, combined and permuted in any desired 
manner.) Each winding comprises adjacent strut pairs (defined as two struts connected at 
a single apex) comprising a short strut and a long strut that have integral length ratio 
relative to each other, which means that the ratio can be expressed in whole numbers. 

2 

5 For example, the short strut may be approximately 1 unit in length and the long strut can 
be approximately 2 units in length, to give a 1:2 ratio. Ratios such as 1:3, 1:4, etc., are 
also possible. This configuration progresses the winding along the helical axis, hi some 
embodiments, the short struts of various strut pairs can be substantially all of the same 
length, or they can vary such that corresponding members of short struts are one length 
30 while the opposing members of the paired short struts are another length. Thus, if 
desired, the lengths of the short struts can be configured to additively equal substantially 
the length of the long struts (e.g., one short strut of 40% the length of the long strut and 
one short strut of 60% the length of the long strut), or to be more or less than the length 
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of the long struts such that the combination of such lengths themselves provide a helical 
aspect to the pattern of the windings (e.g., one short strut of 40% the length of the long 
strut and one short strut of 80% the length of the long strut). 

[0007] The stent can be provided with or without a graft or covering, and in certain 
5 embodiments the graft can supplant all or substantially all bridges in the stent. The stent 
can also be coated with an agent, such as heparin or rapamycin, to inhibit stenosis or 
restenosis of the vessel, or a biological or biomemetic coatings that can be for inhibiting 
stenosis or restenosis or other reasons. Examples of such coatings are discussed in U.S. 
0 Pat. Nos. 5,288,71 1; 5,516,781; 5,563,146 and 5,646,160. 

1 [0008] In other embodiments, the stents can comprise one or more windings with 
substantially no bridges. If desired, the stent can have no bridges, bridges only at the 
ends to eliminate "loose ends" of the windings (if the windings have loose ends), or only 
a very few bridges throughout the stent, enough to provide adequate longitudinal and 
axial support to avoid kinking under physiological stress levels yet still provide desired 

I 5 longitudinal and axial flexibility and expandability, typically while also providing 
predictable, known minimum longitudinal and axial dimensions. 

[0009] If desired, a plurality of stents can be provided as a stent system or a kit (the 
stents discussed elsewhere herein can be also provided in kits, if desired), in which the 

2 stents provide a virtually limitless variety of bridging options, short strut v. long strut 
0 

iteration ratios, short strut v. long strut length ratios (and short v. short and long v. long 
strut ratios), materials, or other features affecting flexibility, expandability (axial and/or 
longitudinal), winding diameter, twistability, minimum/maximum diameter and/or length, 
etc. If desired, a set of stents providing a predetermined variety of such options can be 
provided. If further desired (or instead of, in some embodiments), "custom-made" stents 

2 

5 having other specifically desired properties can be individually or collectively ordered 
and created to meet specific needs of a physician or other health care provider. 
[00010] In some embodiments, computer implemented programs can comprise 
information such as that provided herein and then automatically configure the stent 
bridging, strut ratios, etc., to provide stents of desired flexibility, expandability (axial 
30 and/or longitudinal), winding diameter, twistability, minimum/maximum diameter and/or 
length, etc. In other words, instead of a practitioner instructing a computer or other 
manufacturing device to make a stent having a certain desired windings configuration, 
ratios, etc., the practitioner can ask the computer for a stent having certain desired 
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flexibility, expandability (axial and/or longitudinal), winding diameter, twistability, 
minimum/maximum diameter and/or length, etc., characteristics, and then the computer 
can determine a suitable physical configuration for the stent. 

[00011] Certain benefits of certain embodiments here arise from the helical architecture 
5 of the stent. In certain embodiments desirable benefits can also, or instead, arise from an 
architecture that does not include a transition zone (such as in WO 01/89421 A2, US 
6,042,597, USPA 20040044401 and USPA 20040143318) and therefore certain desirable 
properties of the stent are uniform and continuous from one end of the stent to the other. 
[00012] These and other aspects, features and embodiments are set forth within this 

10 application, including the following Detailed Description and attached drawings. In 
addition, various references are set forth herein, including in the Cross-Reference To 
Related Applications, that discuss certain systems, apparatus, methods and other 
information; all such references are incorporated herein by reference in their entirety and 
for all their teachings and disclosures, regardless of where the references may appear in 

IS this application. 

BRIEF DESCRIPTION OF THE FIGURES 

[00013] Figure IA is a schematic view depicting an exemplary, flattened stent pattern as 
20 discussed herein. A single helical winding is darkened for highlighting. 

[00014] Figure IB is a schematic view of the same stent pattern in Figure IA in an 
expanded state. 

[00015] Figure 2 is a schematic view depicting further exemplary, flattened stent 
patterns and illustrating a variety of bridge patterns that can be used to get slightly 
different combinations of properties. 

25 

[00016] Figure 3 is a schematic view depicting another exemplary, flattened stent 
pattern as discussed herein. 

[00017] Figure 4 is a schematic view depicting another exemplary, flattened stent 
pattern comprising multiple short strut pairs located between approximate 1 :2 ratio strut 
pairs. 

30 [00018] Figure 5 is a perspective view of an exemplary, prior art, proximal end latching 
connector that is one example of an end latching connector that can be used with the 
stents herein. 
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[00019] Figure 6 is a schematic view depicting a further exemplary, flattened stent 
pattern as discussed herein that depicts a further general strut ratio and layout pattern. 
[00020] Figure 7 is a schematic view depicting still another exemplary, flattened stent 
pattern as discussed herein that depicts a further general strut ratio and layout pattern. 
5 [00021] Figure 8 is a schematic view depicting still an exemplary, flattened stent pattern 
as discussed herein that comprises a coupled torsional/diametric response (i.e., a variable 
diameter response upon twisting of the stent). 

[00022] Figure 9 is a schematic view depicting still another exemplary, flattened stent 
pattern as discussed herein that comprises a coupled torsional/diametric response. 

10 

[00023] Figure 10 illustrates an example of how a stent can be removed from an 
implantation site where the distal end of the stent has become anchored in the lumen by 
twisting the proximal end of the stent to cause the stent diameter to decrease. 
[00024] Figure 1 1 illustrates another example of stent removal from an implantation site 
where the distal end of the stent has not become anchored in the lumen by use of an 

15 inflatable balloon that holds the distal end of the stent to the lumen wall. 

[00025] Figure 12 illustrates a further example of stent removal where one or more rows 
of circumferential hoops that can be shape set at different unchanging diameters provide 
a press-fit between the stent and the lumen wall. 

20 [00026] Figures 13A-C illustrate three examples of a strut profile configured to 
encourage localized twisting or bending, etc. 

[00027] Figure 14 depicts an exemplary stent repeat pattern that includes struts that 
preferentially deform in response to a torsion load and strut pairs that preferentially 
deform in response to a bending load. 

[00028] Figure 15 depicts an exemplary stent repeat pattern that includes a "wishbone" 

25 

configuration between adjacent long struts in the end winding and multiple short struts 
between long struts in the interior windings. 

[00029] Figure 16 depicts an exemplary stent repeat pattern that includes multiple short 
struts between long struts in the windings. 

30 DISCUSSION 

[00030] In some aspects, the apparatus, systems, methods, etc., discussed herein 
comprise stents with very good performance properties including one or more of 
excellent flexibility, vessel conformity, adaptation, blood flow dynamics and durability. 
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Certain benefits arise from the helical architecture of the stent in some embodiments. In 
some embodiments, the stents can have substantially squared or rectilinear ends and 
uniform architectural properties from one end of the stent to the other and/or can be 
configured with a distribution of bridges and integral ratio-strut pairs that provide desired 

5 articulation of the stent. 

[00031] Turning to a discussion of the Figures, Figure I A depicts a schematic view of an 
exemplary, flattened stent pattern comprising helical nested windings. In Figure IA, a 
stent 10 has a distal end 2 and a proximal end 4 and several helical windings 22 made of 

0 wire, plastic or other suitable material. The helical windings 22 in this embodiment 
comprise a plurality of adjacent strut pairs 16 having a long strut 6 and a short strut 8 
having an integral 1:2 ratio. Selected apexes of the strut pairs are joined by bridges 12. 
A single helical winding 22 is darkened to highlight the path of such windings. Figure 
IB is a schematic view of the same stent pattern in Figure IA in an expanded state. In 

5 the expanded state, a plurality of openings 14 are created. Such openings 14 can be used 

1 to access the interior of the stent 10 from the outside, or to access the lumen or other 
target from the inside of the lumen and the stent 10. 

[00032] Figure 2 provides a schematic view showing further exemplary patterns of 
bridges 12 for stents 10 that can be used to obtain different combinations of properties in 

2 the stents 10, such as different torsional, bending, elasticity, etc., properties. The first 
0 

embodiment has no bridges and is thus the most flexible and open. The second 
embodiment has balanced intermittent bridges 22 between opposing apexes 24, and thus 
has intermediate properties and is more symmetric than certain other embodiments noted 
herein. The third embodiment has an alternating configuration of bridges where all 
opposing apexes 24 of a given pair of windings 22 are bridged but opposing apexes 24 of 

2 

5 the intermediate windings 22 are not bridged. Such an embodiment has intermediate 
properties that are more rigid than the second embodiment of Figure 2. The fourth 
embodiment has bridges 12 at substantially every juncture between opposing apexes 24 
resulting in the most rigid structure of the embodiments in Figure 2. As can be seen, in 
these embodiments opposing strut pairs 26 are bridged at the respective peaks of the strut 
30 pairs. In some other embodiments, the struts can be bridged at other locations, for 
example directly from strut to strut such as is shown in USPA 20040143318. 
[00033] Figure 3 is a schematic view showing another exemplary pattern for a winding 
22 of another stent 10. In this embodiment the pattern is repeated according to two-fold 
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symmetry such that it loops back and forth through the stent. Other multi-fold symmetry 
is also possible, such as three-fold or four-fold symmetry. 

[00034] Figure 4 is a schematic view showing a further exemplary pattern for helical 
windings 22 for a stent 10. In this embodiment the helical windings 22 comprise several 
5 short struts 8 for each long strut 6. Such configuration provides still further possible 
combinations of flexibility, vessel conformity, adaptation, blood flow dynamics and 
durability, torsional, bending, elasticity, etc. 

[00035] Figure 5 illustrates an exemplary deployment system 46 that can be used with a 
0 stent 10 herein. The deployment system 46 includes an outer sheath 48 which is 
essentially an elongated tubular member, similar to ordinary well known guiding 
catheters . The deployment system 46 also includes an inner shaft 50 located coaxial ly 
within the outer sheath 48 prior to deployment. The inner shaft 50 has an end 52. The 
distal end 52 of the shaft 50 has three grooves 54, 54a, and 54b disposed thereon. When 
the deployment system 46 is not fully deployed, the stent device 10 is located within the 

1 outer sheath 48. The T-shaped or I-shaped attachment flanges 20, 20a, and 20b on the 
proximal legs 18, 18a, and 18b are set within the grooves 54, 54a, and 54b of the inner 
shaft 50, thereby releasably attaching the stent device 10 to the inner shaft 50. This 
deployment system also discussed in U.S. Pat. No. 6,267,783. 

[00036] Figures 6 and 7 provide schematic views showing helical windings 22 for a 

0 

2 stent 10 comprising several short struts 8 for each long strut 6, and wherein the sinusoidal 
waves of the windings 22 are angled in a Z fashion. In Figure 7, short struts 8 and long 
struts 6 have an integral 1:3 length ratio. Again, such configurations provide still other 
combinations of flexibility, vessel conformity, adaptation, blood flow dynamics and 
durability, torsional, bending, elasticity, etc. 

2 

5 [00037] As depicted in Figure 8, in some embodiments the stents 10 can have different 
properties at different locations. For example, changeover zones 28 can be located 
between variable diameter sections 30 and non-variable diameter sections 32 of the stent 
10 such that one portion of the stent comprises variable diameter architecture while 
another part of the stent does not. In some embodiments a distal end 2 of the stent can 
30 comprise variable diameter architecture while the proximal end 4 does not, or vice-versa. 
As another example, each of the distal end 2 and proximal end 4 can comprise variable 
diameter architecture while the middle does not, or vice-versa as in the embodiment 
shown in Figure 10 (i.e., each of the distal and proximal ends does not comprise variable 
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diameter architecture while the middle does). Other combinations and configurations of 
variable/non- variable diameter architecture are also possible as desired. 
[00038] Figure 9 illustrates grips 34 on the proximal end 4 of the stent 10 that can be 
included in the stent 10 to facilitate grasping the stent (before, during or after implanting) 

5 prior to twisting. Grips 34 as shown are loops, but other grips such as hooks can also be 
used. Alternatively, the bare ends of the stent 10, such as those shown at the proximal 
end 4 may be grasped without hooks or other specialized grips. Both twisting and/or 
pulling loads can be applied to the end of the stent 10 to insert, reposition or fully remove 
the stent 10 from an implanted site. If desired, the load(s) can also be applied inside the 

0 ends of the stent. The stent can be pulled directly out of the body (for example from 
accessible implantation sites such as the urethra, esophagus, etc.) and/or the stent can be 
pulled into a catheter that may or may not have a flared distal tip to accomplish further 
diametric compression to an even smaller diameter. 

[00039] Figure 10 illustrates an example of how the stent 10 can be removed from an 
15 implantation site 38 where the distal end 2 of the stent has become anchored in the lumen 
36, for example due to tissue in-growth wherein tissue grows through openings 14 of the 
stent 10. As can be seen, twisting the proximal end 4 of the stent 10 causes the stent 
diameter to decrease, thereby releasing the stent from the lumen wall. 
[00040] Figure 1 1 provides one approach to stent removal where tissue in-growth does 

20 

not provide sufficient anchoring to counteract the twisting force applied to the proximal 
end 4 of the stent 10. In this case, the distal end 2 can be anchored using other 
approaches such as an inflatable balloon 40. 

[00041] Figure 12 depicts another method to provide anchoring of the distal end 2 of the 
stent 10. In this embodiment, the distal end 2 has one or more rows of circumferential 
25 hoops 42 that can be shape-set at different unchanging diameters to provide a press-fit 
between the stent and the lumen wall. 

[00042] In other approaches, the stent can comprise other specific features or variations 
to increase (or decrease, if desired) the anchoring force at the distal end of the stent. For 
example, the stent can have multiple segments where each segment has a different 
30 twist/expansion ratio and in some embodiments both an increase and a decrease may be 
obtained for different segments given the same twist by reversing the helical pitch 
direction. 
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[00043] The stent can include one or more struts or patterns of struts where the 
thickness, width, strength and/or length of the struts are varied in relation to neighboring 
struts or patterns of struts to create a predominantly torsional mode of deformation in 
5 some struts under general or specific loading conditions. For example, some struts can 
have reduced strut widths in the middle of their length and larger widths near their apexes 
such that under certain stent loading conditions these struts will tend to deform by 
twisting about the reduced section rather than deforming over their length. 
[00044] Figures 13A-C illustrate three examples of how a strut profile may be 
configured to encourage localized twisting or bending, etc. Figure 13A shows an 

0 

1 adjacent strut pair 16 without any narrowings to provide such localized twisting or 
bending, but the winding 22 is comprised of multiple materials, a softer, more malleable 
material in malleable zone 56 and a harder, more rigid material in rigid zone 58. Figures 
13B and 13C show adjacent strut pairs 16 with narrowings 60 to provide the localized 
twisting or bending. 

15 [00045] This localized property effect may be further enhanced by providing patterns of 
struts within the stent that are favorably disposed to a given loading condition (e.g., 
twisting one end). Alternatively, some struts may be configured to respond more 
favorably to one particular loading condition while other struts are configured to respond 
more favorably to a different loading condition (e.g., uniform diametrical compression). 

20 

Combinations of various deformation configurations and characteristics can be included 
to improve catheter crimping, deployment, positioning, extraction, long term response to 
physiological deformations, etc. 

[00046] Figure 14 is an exemplary stent repeat pattern that includes struts that 
preferentially deform in torsion (torsion-deformable zone 62) and strut pairs that 
25 preferentially deform in bending (bending-deformable zone 64). One of many variations 
of suitable bridges (link between adjacent regions) is also shown in the center of Figure 
14 in the form of a direct bridge 66. 

[00047] The bridges can also be tailored to respond in specific ways to various stent 
loading conditions. In some cases, the bridges can be tailored to maximize a 
30 torsional/diametric response, hi other embodiments the bridges may be configured to 
respond in concert with other patterns of struts to provide a multi-stage response to a 
specified loading condition or improved fatigue properties. 
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[00048] Figure 15 depicts a stent 10 having an exemplary stent repeat pattern that 
includes a "wishbone" configuration 68 between adjacent long struts in the non-helical, 
5 square-ended end winding 70 and multiple short struts 8 between long struts 6 in the non- 
helical interior windings 72. 

[00049] Figure 16 depicts a stent 10 having a repeat pattern that includes multiple short 
struts 8 between long struts 6 in the non-helical windings, and that lacks a square-ended 
end winding. 

1Q [00050] Turning to a further general discussion of the stents, etc., herein, the stents can 
be used to integrate the benefits of helical structures with typical circumferential 
structural stent elements such as hoops since the underlying helical structure has a 
reciprocal rectilinear repeat pattern. For example in the case of a frame for a heart valve, 
sections of nested helical windings can be located between circumferential hoop elements 
providing enhanced flexibility and articulation between the hoops with a range of desired 

^ bending, torsional, axial and radial support properties depending for example on the stent 
material, the diameter of the struts, the configuration, composition and/or spacing of the 
bridges, the precise ratio of the strut ratio pairs, the combination of differing materials, 
etc. Multi-fold embodiments can further provide tissue attachment and other 
reinforcement structures. 

2o [00051] In certain embodiments, the current stents have nesting elements joined by 
connectors or bridges between linked apexes such that the entire structure can be 
compressed to a smaller diameter prior to delivery to the lumen of the intended vessel. 
The apex connections can be horizontal, vertical, at an angle, all the same or not and thus 
different variations can lead to stents with desired properties. 

[00052] Furthermore, the stents can have an open cell structure, which can be 

25 

advantageous for applications where it is desired to pass catheters or other minimally 
invasive tools through the cells of the stents. The nested about 1:2 strut ratio pairs (and 
other integral ratio pairs) provide excellent access for such tools while maintaining 
adequate pressure and coverage to the vessel. Other strut pair ratios can be provided in 
other embodiments, for example from about 1:1.5 or greater (for example in non-integral 
30 ratios, if desired the stent may comprise helical windings and helical, non-rectilinear 
repeat pattern). 

[00053] In some embodiments, the stents can be partially or fully retracted or recaptured 
during catheter deployment. This feature, in some embodiments, arises from the 
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substantially longitudinal orientation of the nested helical windings, which present a 
series of continuous and uniform elements at the distal end of the deployment catheter. 
In some embodiments it may be desired to slightly bias the proximal apex of each (or 
most) short strut in an asymmetric pair slightly inward. The furling/unfurling elements of 
5 the stent are substantially longitudinal and permit bidirectional motion of a restraining 
sheath. 

[00054] US patent no. 6,673,106 discusses a stent that is retractable and includes a 
proximal end latching connector reproduced here as Figure 5 and discussed above. Such 
connectors are exemplary of connectors that can be used with the stents herein to achieve 

10 retractability during deployment. The current stents achieve retractability through an 
improved strategy for aligning the stent elements essentially along the longitudinal axis 
thus providing a retractably smooth condition at the distal tip of the catheter during 
deployment. Other desired structures can also be combined with the structures and 
methods discussed herein. 

15 [00055] The stent can be provided with or without a graft or covering, and in certain 
embodiments the graft can supplant all or substantially all bridges in the stent. The stent 
can also be coated with an agent, such as heparin or rapamycin, to prevent stenosis or 
restenosis of the vessel. Examples of such coatings are discussed in U.S. Pat. Nos. 
5,288,711; 5,516,781; 5,563,146 and 5,646,160. 

20 

[00056] In certain embodiments the stents can also be effectively miniaturized, for 
example because the strut pairs can be configured to overlap in a non- or low-obstructive 
fashion. Thus, more and/or wider struts can be used for a given delivery catheter 
resulting in greater radial force available for the intended vessel. 

[00057] In further aspects, the stents herein are configured to be capable of changing 
25 diameter upon twisting about the longitudinal axis. Twisting can produce either an 
increase or a decrease in diameter depending on the direction of the twist and the specific 
architecture of the stent. This feature can be utilized, for example, in an implantable stent 
device where a reduction in diameter can facilitate insertion, repositioning or extraction 
of the stent or where an increase in diameter can be used to enlarge a healthy or diseased 
30 lumen, or to assist in maintaining the stent in its desired position. Certain aspects of the 
expandable and retractable configurations can also be incorporated into non-implanted 
devices and other applications as an aspect of minimally invasive surgical tools capable 
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of positioning, recapturing, anchoring, expanding and/or otherwise manipulating devices 
and performing treatment. 

[00058] Depending on the selected configuration of the architecture and configuration of 
the stent, all or only a fraction of the available diametric change (either an increase or 

5 decrease) may be controlled by twisting, so that increasing or decreasing the amount of 
twist correspondingly increases or decreases the amount of diametric change. Additional 
diametric change can be accomplished by other mechanisms such as uniform radial 
compression, either before, during or after a twist has been applied. 

0 [00059] The stent can be a bare stent or it can also incorporate a graft material. The 
stent can be made from a superelastic or other metallic, plastic or otherwise suitable 
material and also can be made from a conventional polymer or biodegradable polymer. 
As a bare stent or a stent graft, the open space between struts can allow tissue and in- 
growth which can be helpful for anchoring the implant while still providing for 

5 removability. Alternatively, a different configuration for a stent graft may be constructed 

1 to minimize tissue in-growth. 

[00060] The twist can be temporary (while the twist is applied) or "locked in" through 
friction or by providing a static latch or other structure to restrain the twist. The restraint 
method could include barbs for anchoring directly in tissue or other methods for securing 
specific locations of the stent such as sutures. 

0 

2 [00061] The stent can be configured to exhibit an outward force to support and hold 
open a lumen or it can be configured to provide an inward force capable of shrinking, 
squeezing, sealing, etc. 

[00062] The configurations incorporated in the stents discussed herein can also be used 
in other related purposes such as in a frame for mounting a heart valve. Other exemplary 

2 

5 uses include treatment of benign prostatic hyperplasia, removable stents for the bronchi, 
esophagus and airway as well as minimally invasive procedures comprising temporary or 
permanent vessel dilation and support. 

[00063] The various features provided herein also comprise methods of making and of 
using the stents discussed herein, including methods that comprise multiple 
30 embodiments, combinations and permutations of the various features of the stents 
discussed herein. 

[00064] Various aspects of the stents herein that can be varied include without 
limitation: 
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• short/long struts of the stents can have different widths and can be tapered. 

• bridge configurations (numbers, placement and patterns) can be modified to get 
different overall flexural properties. 

• Either or both short and long struts can be removed from the stent's pattern to 
5 further change deformation and/or articulation properties. 

• the stents can have multi-fold symmetry for applications involving tissue 
mounting, connections to other components, bifurcations, etc. 

• the stents can be made of any desired suitable engineering material for 
0 implantation, such as metal, polymer (e.g., composite, drug eluting, bioerodable). 

• the stents can comprise multiple runs of short struts between long struts. 
[00065] Thus, in some embodiments the present discussion can be directed to helical 
stents sized and configured for insertion into a lumen of a vessel of a patient, comprise at 
least one or more nesting helical winding having at least one adjacent strut pair having an 

5 integral length ratio of at least about 1:2, 1:3, 1:4 or more. 

1 [00066] The helical stents can also comprise multiple nesting helical windings having 
uniform strut lengths and comprise at least one pair of adjacent struts with a length ratio 
of about 1:2, and/or can be easily flexible, expandable rectilinear helical stent comprising 
substantially squared ends and substantially uniform architectural properties throughout 

2 the stent, generally lacking any transition zone. 
0 

[00067] The stent can be configured to comprise substantially only the nesting helical 
windings, and/or can be further configured such that a diameter of the stent at least one of 
controllably expands or controllably contracts upon twisting of the stent. The stent can 
further comprise grips such as loops, hooks, extensions, flanges, etc., configured to be 
grasped for the twisting. 

2 

5 [00068] The stent can have multiple segments with at least one variable diameter 
segment configured such that a diameter of the segment at least one of controllably 
expands or controllably contracts upon twisting of the stent, and at least one non-variable 
diameter segment that substantially does not expand or contract upon twisting of the 
stent. The stents can further comprise at least one second variable diameter segment, for 
30 example wherein the diameter of the second variable segment upon twisting can be 
different from the diameter of the first variable segment upon the twisting. 
[00069] The stent can comprise at least one non-variable segment disposed between at 
least two variable segments, and/or at least one variable segment disposed between at 
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least two non-variable segments. The segments can have same or different 
twist/expansion ratio(s). The segments can be configured such that a diameter of at least 
one variable segment increases and a diameter of at least one other variable segment 
5 decreases by a single twist of the stent. 

[00070] The stents can also comprise at least one lock configured to maintain the stent at 
a desired diameter after the stent has been twisted. 

[00071] The stents can be configured for implantation into any desired biological space, 
such as a vascular or neural cavity. The stent can be cut from small diameter tubing and 
can be expandable to a final diameter, can be cut from cut from tubing having a diameter 

10 

that can be substantially the same as the final diameter of the stent after implantation, and 
can be constructed of any desired material such as wire, ribbon, thin sheet, implantable 
metal, stainless steel, Nitinol, cobalt, chrome, superelastic material or polymer, or any 
other material with adequate mechanical strength. 

[00072] The present application also includes methods comprising making and/or using 
15 a stent as discussed herein, for example by implanting the stent into a lumen of a vessel 
of a patient. 

[00073] The scope of the present systems and methods, etc., includes both means plus 
function and step plus function concepts. However, the terms set forth in this application 
are not to be interpreted in the claims as indicating a "means plus function" relationship 

0 

2 unless the word "means" is specifically recited in a claim, and are to be interpreted in the 
claims as indicating a "means plus function" relationship where the word "means" is 
specifically recited in a claim. Similarly, the terms set forth in this application are not to 
be interpreted in method or process claims as indicating a "step plus function" 
relationship unless the word "step" is specifically recited in the claims, and are to be 

2 

5 interpreted in the claims as indicating a "step plus function" relationship where the word 
"step" is specifically recited in a claim. 

[00074] From the foregoing, it will be appreciated that, although specific embodiments 
have been discussed herein for purposes of illustration, various modifications may be 
made without deviating from the spirit and scope of the discussion herein. Accordingly, 
30 the systems and methods, etc., include such modifications as well as all permutations and 
combinations of the subject matter set forth herein and are not limited except as by the 
appended claims. 
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What is claimed is: 



1 . A helical stent sized and configured for insertion into a lumen of a vessel of a patient, 
comprising at least one nesting helical winding having at least one adjacent strut pair 

^ having an integral length ratio of at least about 1:2. 

2. The helical stent of claim 1 wherein the adjacent strut pairs have an integral length 
ratio of 1:2. 

3. The helical stent of claim 1 wherein the adjacent strut pairs have an integral length 
ratio of greater than 1:2. 

^ 4. A helical stent configured for insertion into the lumen of a vessel of a patient, 
comprising multiple nesting helical windings having alternating strut lengths and a 
strut pair length ratio with an integral length ratio of at least about 1 :2. 

5 . The helical stent of claim 4 wherein the adjacent strut pairs have a length ratio of 1 :2. 

6. A helical stent configured for insertion into the lumen of a vessel of a patient, 
15 comprising multiple nesting helical windings having uniform strut lengths and 

comprising at least one pair of adjacent struts with a length ratio of about 1:2. 

7. An easily flexible, expandable rectilinear helical stent comprising substantially 
squared ends and substantially uniform architectural properties throughout the stent. 

2 8. The helical stent of any one of claims 1-7 wherein the stent lacks any transition zone. 
0 9. The helical stent of any one of claims 1-8 wherein the stent is configured to comprise 
substantially only the nesting helical windings. 

10. A helical stent sized and configured for insertion into a lumen of a vessel of a patient, 
the stent further configured such that a diameter of the stent at least one of 
controllably expands or controllably contracts upon twisting of the stent. 

25 

11. The helical stent of claim 10 wherein the stent further comprises grips configured to 
be grasped for the twisting. 

12. The helical stent of claim 10 or ll wherein the stent comprises multiple segments, the 
multiple segments comprising at least one variable diameter segment configured such 
that a diameter of the segment at least one of controllably expands or controllably 

30 contracts upon twisting of the stent, and at least one non-variable diameter segment 

that substantially does not expand or contract upon twisting of the stent. 

13. The helical stent of any one of claims 10 to 12 wherein the stent further comprises at 
least one second variable diameter segment configured such that a diameter of the 
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second variable segment at least one of controllably expands or controllably contracts 
upon twisting of the stent, wherein the diameter of the second variable segment upon 
5 twisting is different from the diameter of the first variable segment upon the twisting. 

14. The helical stent of claim 13 wherein the stent comprises at least one non-variable 
segment disposed between at least two variable segments. 

15. The helical stent of claim 13 wherein the stent comprises at least one variable 
segment disposed between at least two non-variable segments. 

jq 16. The helical stent of claim 13 wherein the stent comprises multiple segments wherein 
each segment has a different twist/expansion ratio. 

17. The helical stent of claim 13 wherein the segments are configured such that a 
diameter of at least one variable segment increases and a diameter of at least one 
other variable segment decreases by a single twist of the stent. 

18. The helical stent of any one of claims 10 to 17 wherein the stent comprises at least 
15 one lock configured to maintain the stent at a desired diameter after the stent has been 

twisted. 

19. The helical stent of any one of claims 10 to 18 configured for insertion into a lumen 
of a vessel of a patient, comprising at least one nesting helical winding having at least 
one adjacent strut pair having an integral length ratio of at least about 1:2. 

' 20 20 - T he helical stent of any one of claims 10 to 18 wherein the stent is a helical stent for 
insertion into the lumen of a vessel of a patient, comprising: multiple nesting helical 
windings having alternating strut lengths and a strut pair length ratio with an integral 
length ratio of at least about 1:2. 

21. The helical stent of claim 20 wherein the adjacent strut pairs have a length ratio of 
1:2. 

25 

22. The helical stent of any one of claims 10 to 21, comprising multiple nesting helical 
windings having uniform strut lengths and at least one pair of adjacent struts with a 
length ratio of about 1:2. 

23. The helical stent of any one of claims 10 to 22 wherein the stent is a helical stent 
comprising substantially squared ends and substantially uniform architectural 

30 properties throughout the stent. 

24. The helical stent of claim 23 wherein the stent lacks a transition zone 

25. The helical stent of any one of claims 10 to 24 wherein the stent is configured to 
comprise substantially only the nesting helical windings. 
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26. The helical stent of any one of claims 10 to 24 wherein struts in the stent have 
varying diameters such that the struts are configured to preferentially bend at a 
predefined location. 

5 27. A helical stent according to any one of claims 1-26 configured for implantation into a 
vascular cavity. 

28. A helical stent according to any one of claims 1 -26 configured for implantation into a 
neural cavity. 

29. A helical stent according to any one of claims 1-28 wherein the stent is cut from small 
diameter tubing and is expandable to a final diameter. 

30. A helical stent according to any one of claims 1-28 wherein the stent is cut from cut 
from tubing having a diameter that is substantially the same as the final diameter of 
the stent after implantation. 

31. A helical stent according to any one of claims 1-30 constructed of wire, ribbon or thin 
sheet. 

15 32. A helical stent according to any one of claims 1-31 constructed of a superelastic 
material 

33. A helical stent according to any one of claims 1-32 constructed of a polymer. 

34. A helical stent comprising making a stent according to any one of claims 1-33. 

35. A method comprising implanting a stent according to any one of claims 1-33 into a 

0 

2 lumen of a vessel of a patient. 

36. A stent sized and configured for insertion into a lumen of a vessel of a patient, 
comprising at least one nesting winding having at least one adjacent strut pair having 
an integral length ratio of at least about 1 :2. 

37. The stent of claim 36 wherein the adjacent strut pairs have an integral length ratio of 

h I* 

38. The stent of claim 36 wherein the adjacent strut pairs have an integral length ratio of 
greater than 1:2. 

39. A stent configured for insertion into the lumen of a vessel of a patient, comprising 
multiple nesting windings having alternating strut lengths and a strut pair length ratio 

30 with an integral length ratio of at least about 1:2. 

40. The stent of claim 39 wherein the adjacent strut pairs have a length ratio of 1:2. 
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41. A stent configured for insertion into the lumen of a vessel of a patient, comprising 
multiple nesting windings having uniform strut lengths and comprising at least one 
pair of adjacent struts with a length ratio of about 1:2. 

42. An easily flexible, expandable, rectilinear non-helical stent comprising substantially 
5 squared ends and substantially uniform architectural properties throughout the stent. 

43. The stent of any one of claims 36-43 wherein the stent lacks any transition zone. 

44. The stent of any one of claims 36-44 wherein the stent is configured to comprise 
substantially only the nesting windings. 

0 45. A non-helical stent sized and configured for insertion into a lumen of a vessel of a 
patient, the stent further configured such that a diameter of the stent at least one of 
controllably expands or controllably contracts upon twisting of the stent. 
46. The stent of claim 45 wherein the stent further comprises grips configured to be 
grasped for the twisting. 

5 47. The stent of claim 45 or 46 wherein the stent comprises multiple segments, the 

1 multiple segments comprising at least one variable diameter segment configured such 
that a diameter of the segment at least one of controllably expands or controllably 
contracts upon twisting of the stent, and at least one non-variable diameter segment 
that substantially does not expand or contract upon twisting of the stent. 

48. The stent of any one of claims 45 to 47 wherein the stent further comprises at least 

0 

2 one second variable diameter segment configured such that a diameter of the second 
variable segment at least one of controllably expands or controllably contracts upon 
twisting of the stent, wherein the diameter of the second variable segment upon 
twisting is different from the diameter of the first variable segment upon the twisting. 

49. The stent of claim 48 wherein the stent comprises at least one non-variable segment 

2 

5 disposed between at least two variable segments. 

50. The stent of claim 48 wherein the stent comprises at least one variable segment 
disposed between at least two non-variable segments. 

51. The stent of claim 48 wherein the stent comprises multiple segments wherein each 
segment has a different twist/expansion ratio. 

30 52. The stent of claim 48 wherein the segments are configured such that a diameter of at 
least one variable segment increases and a diameter of at least one other variable 
segment decreases by a single twist of the stent. 
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53. The stent of any one of claims 45 to 52 wherein the stent comprises at least one lock 
configured to maintain the stent at a desired diameter after the stent has been twisted. 

54. The stent of any one of claims 45 to 53 configured for insertion into a lumen of a 
vessel of a patient, comprising at least one nesting winding having at least one 
adjacent strut pair having an integral length ratio of at least about 1:2. 

55. The stent of any one of claims 45 to 53 wherein the stent is a stent for insertion into 
the lumen of a vessel of a patient, comprising: multiple nesting windings having 
alternating strut lengths and a strut pair length ratio with an integral length ratio of at 
least about 1:2. 

0 56. The stent of claim 55 wherein the adjacent strut pairs have a length ratio of 1:2. 

57. The stent of any one of claims 45 to 56, comprising multiple nesting windings having 
uniform strut lengths and at least one pair of adjacent struts with a length ratio of 
about 1:2. 

58. The stent of any one of claims 45 to 57 wherein the stent is a stent comprising 

1 substantially squared ends and substantially uniform architectural properties 
throughout the stent. 

59. The stent of claim 5 8 wherein the stent lacks a transition zone 

60. The stent of any one of claims 45 to 59 wherein the stent is configured to comprise 
substantially only the nesting windings. 

0 

2 61. The stent of any one of claims 45 to 59 wherein struts in the stent have varying 

diameters such that the struts are configured to preferentially bend at a predefined 
location. 

62. A stent according to any one of claims 36-61 configured for implantation into a 
vascular cavity. 

2 

5 63. A stent according to any one of claims 36-61 configured for implantation into a 
neural cavity. 

64. A stent according to any one of claims 36-63 wherein the stent is cut from small 
diameter tubing and is expandable to a final diameter. 

65. A stent according to any one of claims 36-63 wherein the stent is cut from cut from 
30 tubing having a diameter that is substantially the same as the final diameter of the 

stent after implantation. 

66. A stent according to any one of claims 36-65 constructed of wire, ribbon or thin 
sheet. 



19 



WO 2006/036912 



PCT/US2005/034482 



67. A stent according to any one of claims 36-66 constructed of a superelastic material 

68. A stent according to any one of claims 36-67 constructed of a polymer. 

69. A stent comprising making a stent according to any one of claims 36-68. 

70. A method comprising implanting a stent according to any one of claims 36-69 into a 
5 lumen of a vessel of a patient. 



20 



WO 2006/036912 



PCT/US2005/034482 



1/7 




Fig. IB 



SUBSTITUTE SHEET (RULE 26) 



WO 2006/036912 



PCT/US2005/034482 



2/7 




Fig. 2 



SUBSTITUTE SHEET (RULE 26) 



WO 2006/036912 



PCT/US2005/034482 



3/7 




Fig. 4 



SUBSTITUTE SHEET (RULE 26) 



WO 2006/036912 



PCT/US2005/034482 




SUBSTITUTE SHEET (RULE 26) 



WO 2006/036912 



PCT/US2005/034482 



5/7 



4- 




Fig. 8 




Fig. 9 



SUBSTITUTE SHEET (RULE 26) 



WO 2006/036912 



PCT/US2005/034482 




SUBSTITUTE SHEET (RULE 26) 



WO 2006/036912 



PCT/US2005/034482 



7/7 




Fig. 14 



SUBSTITUTE SHEET (RULE 26) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization J 

International Bureau 



I iffiMHiwiMiiiimaiKMKinnsRtiH 



(43) International Publication Date 
6 April 2006 (06.04.2006) 



PCT 



(10) International Publication Number 

WO 2006/036912 A3 



A61F2/06 (2006.01) 



(21) 

(22) International Filing Date: 

(25) Filing Language: 
(26) 



(30) Priority Data: 

60/61 3,677 27 September 2004 (27.09.2004) 

60/634,683 8 December 2004 (08. 12.2004) 



(74) Agents: KING, Joshua et al.; Graybeal Jackson Haley 
LLP, 155- 108th Avenue, NE, Suite 350, Bellevue, WA 
98004-5973 (US). 

PCT/US2005/034482 (81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
(26.09.2005) CO, CR, CU, CZ, DE, DK, DM. DZ, EC, EE, EG, ES, FI, 

GB, GD, GE, GH, GM, HR, HU. ID, 1L, IN, IS, JP, KE, KG, 
English KM, KP, KR, KZ, LC, LK, LR, LS. LT.LU, LV.LY.MA. 

MD, MG, MK, MN, MW, MX, MZ, NA, NG, Nl, NO, NZ, 
English OM, PG, PH, PL, PT, RO, RU. SC. SD, SE, SO, SK. SL, 

SM, SY.TJ, TM, TN, TR, TT.TZ. UA, UG, US (patent), 
UZ, VC, VN, YU, ZA, ZM, ZW 



US 



1 (63) Related by continuation (CON) or continuation-in-part 

I (CIP) to earlier applications: 

J US 60/613,677 (CON) 

j Filed on 27 September 2004 (27.09.2004) 

j US 60/634,683 (CON) 

I Filed on 8 December 2004 (08. 1 2.2004) 



) (71) Applicant (for all designated States except US): 

j ECHOBIO LLC [US/US]; 579 Azalea Avenue NE, 

| Bainbridge Island WA 98 1 10-3930 (US). 

j (72) Inventors', and 

i (75) Inventors/Applicants (for US only): PERRY, Kenneth, 

! E. Jr. [US/US]; 579 Azalea Ave. NE, Brainbridge Island, 

| WA 981 10-3930 (US). LABOSSIERE, Paul, E. [US/USJ; 

! 579 Azalea Ave. NE, Brainbridge Island, WA 981 10-3930 

! (US). PINCHOT, Gilford [US/US]; 579 Azalea Ave. NE, 

! Brainbridge Island, WA9811 0-3930 (US). 



(84) Designated States (unless otherwise indicated, for every 
kind <f regional protection available): AR1PO (BW, GH, 
GM, KE, LS, MW, MZ. NA, SD, SL, SZ. TZ, UG. ZM, 
ZW), Eurasian (AM. AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY,CZ, DE, DK, EE, ES, FI, 
FR, GB. GR, HU, IE, IS, IT, LT.LU, LV.MC, NL, PL, PT, 
RO, SE, SI, SK, TR). OAPI (BF, BJ. CF, CG, CI. CM, GA, 
GN, GQ. GW, ML. MR. NE, SN, TD, TG). 



with international search report 

before the expiration cf the time limit for amending the 
claims and to be republished in the event 4 receipt <f 



(88) Date of publication of the international search report: 
26 May 2006 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning <f each regular issue of the PCT Gazette. 




(57) Abstract: An intraluminal stent comprising a helical arrangement of elements defined by a successive series of substantially 
O straight struts connected by apex sections alternately pointing in the opposite directions, wherein at least one apex section comprises 
<NI two struts attached thereto with a length ratio about 1:2. 

O 



INTERNATIONAL SEARCH REPORT 



A . CLASSIFICATION OF SUBJECT MATTER 

!PC(8) - A61 F 2/06 (2006.01 ) 

USPC - 623/1.15 
According to International Patent Classification (IPC) or t 



International application No. 
PCT/US05/34482 



assification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed bv classification symbols) 
USPC: 623/1, 12: 606/1, 108, 191, 194. 195. 198, 200 
IPC(8): A61F 2/06, A61 M 29/00 (2006.01) 



Documentation searched other than rn 



m documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, 
Science Direct*, PubMed, Google Scholar, Google 



search terms used) 



le relevant passages 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Citation of document, with indication, where appropria 



US 5,925,081 A (OGl et al) 20 July 1999 (2 



US 6,342,067 B1 (MATHIS et al) 29 January 2002 (29.01.2002) entire 
US 6,042,597 A (KVEEN et al) 28 March 2000 (28.03.2000) entire document 
US 5,646,160 A (MORRIS et al) 08 July t997 (08.07.1997) entire document 
US 5,288,71 1 A (MITCHELL et al) 22 February 1994 (22.02.1994) entire document 
US 2004/0143318 A t (TSENG et al) 22 July 2004 (22.07.2004) emirs document 
US 2004/0093076 A1 (WHITE et a!) t3 May 2004 (t3.05.2004) entire document 
US 2004/0049263 A1 (PINCHASIK et al) 1 1 March 2004 (1 1.03. 

6,475,237 B2 (DRASLER et al) 05 November 2002 (05. tt 2> 
US 6,423,091 B t (HOJEIBANE et al) 23 July 2002 (23.07.2002) 
US 2002/0055770 A t (DO RAN et al) 09 May 2002 (09.05.2002) entire document 



t-8, 10, 12,36-41 and 43 
42. 45 and 47 

1-8, 10-12, 36-43,45-47 
1-8, 10-12,36-43,45-47 
1-8, 10-12,36-43,45-47 
1-8, 10-12, 36-43, 45-47 
1-8, 10-12, 36-43,45-47 
1-8, 10-12, 36-43,45-47 
1-8, 10-12,36-43,45-47 
1-8, 10-12, 36-43,45-47 
1-8, 10-12, 36-43, 45-47 
1-8, 10-12, 36-43, 45-47 



□ 



Further documents are listed in the c< 



n of Box C. I | See patent family ai 



T" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the in 

of particular relevan 




Date of the actual completion of the international s< 
14 February 2006 



Date of mailing of the in 



07 APR 2006 



Name and mailing address of the ISA/US 
Mail Stop PCT, Art* ISA/US. Commissioner for Pa 
pJ.9 . Box 1450, Alexandria, Virginia 22313-1450 

tile No. 571-273-3201 
FormPCT/ISA/210 (second sheet) (April 20O 5 ) 



'Lee. W. Young 

Telephone No. 57 1-272-7774 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US05/34482 



Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 1 7(2)(a) for the following reasons: 

i. L] Claims Nos : 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. I I Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such a 
extent that no meaningful international search can be carried out, specifically 



t. 0 Claims Nos.: 9, 13-35, 44, 48-70 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box No. Ill Observations where unity of invention is Sacking (Continuation of item 3 of first sheet) 



application, as follows: 



, |~7 As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



al search report covers 



I. f~l No required additional search fees were timely paid by the applicant. Consequently, this ii 
— "' i first mentioned in the claims; it is covered by claims Nos.: 



1 j The additional search fees were accompanied by the applicant's protest and, where applicable, the 

I l payment of a protest fee. 

1 1 The additional search fees were accompanied by the applicant's protest but the applicable protest 

fee was not paid within the time limit specified in the invitation. 

1 1 No protest accompanied the payment of additional search fees. 

ation of first sheet (2)) (April 2005) 



